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» 

WASTE BALANCING FOR EXTRACORPOREAL BLOOD TREATMENT SYSTEMS 

' A fluid circulating system for nieglical use may 
evaluate a characteristic relating to waste removed fjrorri a 
patient and on- that basis control a replacement fluid 
parameter. The waste characteristic evaluated in the 
present invention may be weight* volume, flow rate, 
concentration, and/ or others,, for example. Similarly, the 
replacement fluid parameter controlled may be weight, 
volume, flow r^te, concentration, and/ or others, for 
example^ More than one waste characteristic may be 
evaluated to provide a redundant, check on accuracy. 
Likewise, more than one replacement . fluid parameter may be 
coritrplled. The control may be implemented, in a system 
for treating renal failure, to balance waste removed frpm a 
patient's blood against replacement fluid added to the 
patient's blood, for example. -The control may be based on 
a desired filtr.ation factor or ultrafiltration amount, for 
example . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

. Figure 1 is a diagrammatic depiction of a waste 

balancing system for use in a fluid circulating' system. 

Figures 2, 3, 4, and 5 are illustrations of various 

possible states of the waste balancing system of Figure 1. 

V 

Figure? 6, 8, and 9 ^re diagrammatic depictions of the 
waste balancing system of Figure 1 incorporating various 
pressure elements . 

Figure 7 is an illustration of a possible stat^ of the 
system shown in Figure 6 . 

Figure 10 is a schematic representation of a blood 
treatment system. 

Figure 11 is a, diagrammatic depiction of a multiple 
balancing system. 

Figure 12 is a side elevational drawing of a 
hemof iitration machine. 

Figure 13 is a diagrammatic depiction of a waste' 
balancing system. 

Figures 14, 15, 16, 17, and 18 are illustrations of 
alternative embodiments of multiple balancing systems. 

Figures 19, 20, -21, 22, 23, 24, 25, and 26 are 
diagrammatic depictions of fluid circulating systems with 
alternative waste balancing systems. 
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Figure 28 is a flowchart of a method for a blood 
treatment system involving evaluation characteristics and • 
control parameters . 

Figure 29 illustrates an embodiment employing a 
combination of mass -sensing and fixed combined volume to 
provide for proyidihg 'for net fluid balance of a patient 
during treatment . 

Figure 30' illustrates a constant displacement ' 
mechanism for balancing waste and replacement fluid flows 
for maintaining net fluid balance of a patient during 
treatn^ent. 

•. Figure 3a illustrates an operating context for the 
devipe of Figure 30. " ■ 

Pigtire 32. illustrates a two-pun^ mechanism for 
maintaining fluid balance of a patient during treatment. 

Figure 33 illustrat'es another ojperating context for 
the device of Figure 30. 

Figure 34 illustrates a constant cpnibined mass 
mechanism for maintaining fluid balance of a patient during . 
treatment . 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

• An example of a waste balancing system for use in a 
fluid circulating system is shpwn in Figure 1. Waste 
balancing system 108 includes container 110, flexible bag 
120, valve 140, pressure element 150, and flexible bag . 160* 
Container 110 is rigid and /defines an interior volume, 
height, ^nd width. Container 110 accoramodat-es flexible bAg 
120, Flexible bag 120 may contain replacement fluid for a 
patient undergoing hemof iltration, for example. Flexible 
bag 120 is depicted in a full state in Figure 1. That is, 
flexible bag 120 is filled with fluid 130 up to the maximum 
capacity of flexible bag 120. The height of flexible bag 
120 Varies with the amount of fluid it contains. .*In 
partiqular, the height pf flexible bag 120 may vary 
directly in proportion to the amount of fluid it contains, 
with^ no. air ^permitted in flexible bag 120. Valv^ 140 is 
located at the bottom of container 110 and defines a. 
passage from the interior of flexible bag 120 to the 
exterior of container 110. Valve 140 permits fluid .130 to 
communicate with pressur^ element 150 • 

A second flexible bag 160 is placed on top of flexible 
bag 120. Flexible Ipag 160 may have characteristics similar 
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to flexibly bag 120. Jn particular, th^ height pf flexible 
bag 160 may vary with the amount of waste contained by 
flexible bag 160, in the same proportion that the height of 
flexible bag 120 vapies with the amount of fluid contained 
by flexible bag 120. Flexible bag 160 may be configured to 
receives waste, but is shown in Figure 1 as being empty . 

Pressure element 150 permits replacement fluid 130 to 
flow out of container 110 through valve 14 0 only when 
replacement fluid 130 '^.t valve 140 subject to a 
predetermined amoiint of fluid pressure. That predetermined 
amount may be equal to the pressure experienced at valve 
140 when flexible bag 120 is full and flexible bag* 160 is. 
empty. This full state is represented by the leyisl labeled 
"F" in Figure 1. In that, case, pressure element 150 only 
permits fluid 130 to flow out of container 110 when fluid 
130 at valve 140 'is subject tcj fluid pressure greater than 
that cauQ^d by the weight of fluid 130 when flexible bag 
120 is, full and flexible bag 160 is empty. 

W^st^ balancing system loa may have an empty sensor 
162. Empty sensor 163 is designed- and adapted to sense* 
when replacement fly.id 130 has been depl.eted to -or below 
the empty level "E" shown in Figure 1. Empty sensor 162 
may be located near the bottom of container HO at the 
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approximate height of level E, near pressure element 150, 
or elsewhere in a fluid circulating system. 

Empty sensor 162 may include a waste bag sensor 
designed to sense when the flexible bag 160. has e;xpanded 
with waste to the point where the bottom of flexible bag 
160 has dropped from the F position 3howri in Figure 1 down 
to level E. Such a waste bag sensor may include optical 
sensor set to distinguish the optical characteristics of 
waste from those of replacement fluid. In that case, the 
optical sensor may be located near or within container lib 
at level E. A,lterna,tively, the waste bag sensor may 
include a mechanical sensor cooperating between container 
110, flexible bag 160, and/or flexible bag 120". In 'that 
case, the mechanical sensor may be located at least partly 
within container 110 and may sense when the bottom of* 
.flexible bag 160 and/or the top of flexible bag 120 has . 
dropped to level E . 

Alternatively* empty censor 162. may include a flow . 
sensor designed to sense flow of replacement fluid out of 
container 110. Such a flow sensor m^y be located at valve 
140 or downstream thereof- The flow sensor may include ^ 
flow meter designed to measure the flow amount of 
replacement fluid that has exited flexible bag 120. This 
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flow amount would be compared to the available ^moxint of 
replacement fluid that was initially available for exiting 
flexible bag 120, ' For example, the available amount may be 
the capacity of flexible bag 120 minus any amount of 
replacement fluid 130 that remains when flexible bag 120 is 
reduced to level E or otherwise considered empty. This 
cbnqparison may be done at^tomatically with a contrpller. 

Alternatively, a flow sensor may compriise a pump 
sensor designed to sense operation of a pump downstream of 
valve 140. Such a pi^mp sensor may for example sense the 
amount of time the pump is pumping replacement fluid 
exiting flexible bag 120 or the number of cycles (e.g. 
rotations) of a positive displacement pun^ or prime mover.' 
With knowledge of the flow rate associated with the pump, a 
pumping period or number of cygles may be identified to 
approximate' that required to. pump all of the available 
replacement fluid 130 out of flexible bag 120. The pump . 
may operate continyously or intermittently. When the pump 
has operated for an aggregate amoxint of time 6qual tp or 
slightly less than the pumping period, the pump sensor . 
would indicate that flexible bag 120 should be considered 
empty . 
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Empty sensor 162 may signal an alarm to indicate that 
flexible bag 120 is empty. The alarm may be audible, . 
visual, or electronic- An electronic alarm could be 
conveyed to a circulation system controller for appropriate 
action. The circulation system controller may be an 
automatic system co-loqated witli waste balancing system 108 
or may be located remotely - 

Figure 2 shows waste balancing system 108 in a 
temporary state in which waste 3,70 has just been added tp 
flexible bag 160, but jDefoire pressure element 150 has 
permitted passage of a?iy replacement fluid 130 from 
flexible bag 120- This over-full state is representecl by 
the level labeled ^O.F." in Figure 2, This state may be 
merely instantaneous, lasting only long enough for pressure 
element 150 to sense thje additional pressure caused by the 
addition of waste 170 and to permit passage of replacement 
fluid. 

Waste balaiicing system 108 may include over- full 
sensor 164, Over- full "sensor 164 may be used to sense the 
accumulation of waste in flexible bag 160. When over-full 
sensor 164 s^ns^s that the top of flexible bag 160 has 
risen to level O.F., over-full sensor may indicate that 
condition to a controller which in turn may control 
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presemre element 150 to peanriit passage of replacement fluid 
130 through valve. 140. This sensing and control may 
replace or supplement the sensing function pf pressure 
element 150. When that ftmctipn is ^replaced, pressure 
element 150 need not sense the pressure; it merely needs, to 
control the pressure under control of the controller. When 
that function is supplemented, the over- full sensor .and the 
controller may act as a redundant check on the pressure 
sensing function of pressure element 150 to ensure 
accuracy. The over- full sensor m^y signal an alaacm when it 
senses that the combined height of flexible bags 120 and 
160' reaches the O. F. level. in a system designed to h^ve 
the combined height normally below th^ O.F. level, the 
dlajrm may alert the patient, an operator, or a remote 
monitor of possible malfun<?tion. 

Figure 3 shows an insta.ntaneous state in which 
P2ressure element 150 has sensed the additional pressure 
caused by waste 170 in flexible bag* 160 and in response has 
permitted some of replacement fluid 13 0 to flow out of 
container 110 as flow 180. Flow 180 may be directed to a ' . 
patient in need of replacement fluid. In this 
instantaneous state, the combined height of flexible bag 
120 and flexible bag 160 in container 110 is abov$ the F 
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level but is b^low the O.F. level described in- connection 
with Figure 2 • Flow 180 continues until the combined 
height of flexible bag 120 and flexible bag 160 has been 
. reduced again to F . . 

Figure 4 shows a stable state following the state 
shown in Figure 3. In this stable state, the combined 
height of flexible bag 120 and flexible bag 160 has been 
reduced again to F, causing flow. 180 to CQ^se. 

Note that the abpve einbddiment may employ a level 
sensor 164A instead of pressure sensing (by means of 
prisssure element 150) as. a means for determining v5hether 
the volume of replacement fluid sent to .the patient is . 
equal to the volume of waste withdrawn.. According to the 
foregoing description, wjagt^ balancing system 108 may be 
controlled to supply replacement fluid corresponding to a 
characteristic pf the removed waste'. - The characteristic 
may be volume * (when a level sensor is used) and/or mass 
(when pressure element, 150 senses pressure) . 

For example*,, it may; be appropriate to control 
replacement fluid based on waste m^ss if the density of the 
removed waste may be variable pr different than that of the 
replacement fluid • Figure 5 shows a stable state for waste . 
balancing system 108 after heavy waste 172 has been added 
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to flexible bag 160- In this example, heavy wa^te 172 has 
higher density than replacement fluid 130. The pressure at 
valve 140 is the same as that sliown in Figure 1 and Figure 
4. Although the? combined height of flwble bag 120 and 
flexible bag 160 is Ipwer than the F lev^l, the pressure at 
valve 140 has been maintained because heavy waste 172 Jaag 
higher density than replacement fluid 130. Thus, the state 
shown in Figure 5 may be reached from the state shown in 

Figure 1 by adding heavy waste 172 and permitting pressure 
. element 150 to maintain the fluid pressure at valve 140 by 

releasing' some of * replacement fluid 130 through valve X40. 

The example of Figure 5 may be used to provide a patient 

with replacement fluid in an amount determined on the Ijasia 

of the mass of removed waste. • ' 

Figure 6 depicts an exemplary pressure element that 

may be uj?ed in conjunction with waste balancing system 108. 

Pressure element 650 consists of cpnduit 652, which rises 

to whatever height is necessary to maintain a desired 

pressure at valve 140. For example, conduit 652 is shown 
• rising to a height cor?:e§ponding to level F. This height 

may be fixed during manufacture of waste balancing 'system 
108. 
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Alternatively, the height of concluit 652 in Figu^'e 6 
may be adjustable. The proper height of conduit 652 may be 
determined by first raising conduit 652 to a starting 
height well above F. Second, flexible. bag 120, full of 
replacement fluid 313 0 as phown, is inserted intg container 
110 along with flexible bag 160 in its empty state. Third, 
conduit 6S2 is then gradually lowered from the starting 
height to the height .at which replacement fluid 130 first 
begins to flow out of coinduit mouth 654. Fourth, conduit 
652 is fixed at that first-flow height for operation of 

I 

waste balancing system 108 . 

Figure 7 illustrates the. pressure element of .Figure 6 
in an instantaneous state after addition of waste 170 into 
flexible bag 160 bears down on flexible bag 120. In this 
state, pressure element 650 has sensed the additional 
pressure cauged by wast^ 170 in' flexibly bag 160 ancl in* 

response has permitted some of- replacement fluid 130 to 

* . * * * 

flow out of container 110 as flow 780. Flow 780 may be 

directed to a patient in need of replacement fluid.. In 

this instantaneous state, the combined height of flexible. 

bag 120 and flexible bag 160 in container 110 is above the' 

F level but is below the O.F. lev^l described in connection 

with Figure 2. Flow 780 continues until the combined 



6383/53951-051 DCUB1/219074v1 



12 



1/15/2003 11:26:50 AM (18767) 



!r^« "8 II 41 B irwii i4i »'sn> ,tA av^ ^31 -o vr". imt tjsu 
ass Jujjr — rir-ar. jn. n-p ^ ttjr*.ir.. jjiu X3» n-.nr.^ni 

PATENT 

Attorney Docket No. 53951-051 

height of flexible bag 120 and flexible bag 160 has been 
reduced again to F, 

Figure 8 cjqjpicts another e^xemplary pressure element 
for use in conjunction with w^ste balancing system 108. 
Pressure element 850 consists of clamp* 852,. conduit 853> 
and stepper mptor 858 . dlamp 852 comprises clamping 
elements 854 and 856 which cogperate to squeeze qonduit 853 
with a certain amount of force. The amount of force ±^ 
that necessary to nlaintain desired fluid pressure at valve 
140 as described above. 

Fpr example, the force of clamp 852 in Figure 8 may be 
adjustable. Stepper motor 858 may be operated to cause • 
clamp 852 to squeeze conduit '853 with various amoimts of 
force. An operator installing waste balancing system 108 
in its place of operation, such as a home, may first apply 
a very high amoxint of force squeezing conduit' 853. Second,, 
the operator may place flexible bag 130 in its full state, 
into container 110, along with. flexible bag 160 • in an empty 
state. Third, the oper^.tor may gradually reduce the amoiint 
of force squeezing conduit .853. by adjusting gtepper motor. 
858 untiX replacement fluid 130 starts to be released as 
flow 880. Fourth, the. amount of force is fixed at that 
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first -flow amoiont of force for operation of waste balancing 
system 108. 

Inste^d of using an operator, this process may be 
carried out automatically with controller 890. Controller 
890 may control stepper motor 858 to gradually reduce the 
amount of force squeezing conduit 853 xintil optical sensor 
892 senses when replacement fluid 130 is first . released. as 
flow 880. Controller 890 may control stepper motor 858 to 
squeeze conduit 853 with that first-flow amoxmt of force 
during operation of waste balancing system 108, thereby 
maintaining the desired pressure at valve 140. 

. Controller 890 may function as the circulation system 
controller referenced above in connection with Figure J. 

Alternatively, stepper motor 858, controller 890, and 
optica,! sensor 892 may be omitted and the force of clamp 
852 may lie set mechanically. For example^ the amount of 
force used to sc[ueeze conduit 853 may be predetermined 
during manufacture of waste balancing system 108 and fixed 
by applying clamp 852 to conduit 853 with- the predetermined 
amount of force either during manufacture pr installation. 
Or, the amount of force used to squeeze conduit 853 may be 
mechanically adjustable, for example. 
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In the case of a mechanically adjustable damp, an 
operator installing w^ste balancing system 108 in its place 
of operation such ^s a home/ may:firat apply a very high 
amount of forqe sc[ueezing conduit 853 . Second, the 
operator* may place flexible bag 120 in its full state into 
Qontainer 110, -along with flexible bag 160 in an empty 
State. Third, the operator may gradually reduce the amount 
of force squeezing conduit 853 'by mechanically adjusting 
clamp 852 until replacement fluid 130 starts to be released 
as flow 880- Fourth, the amoimt of forge is fixed at that 
.first -flow amount of force for operation of waste balancing 
system 108 . • . - 

Figure 9 shows another alternative pressure element ; 
comparable to that described in connection with Figure 8, 
In figure 9, pressure element 950 consists of pressure bag. 
954 in fluid communication with pressure body 952 thrpiigh'* 
pressure conduit 956- The weight of liquid in pressure bag 
954 and the height of pressure bag 954 determines the 
pressure applied by pressure body 952 to squeeze conduit ' 
953. Thus, the force used to squeeze, conduit 953 may be 
adjusted by varying the amount of liquid in pressure bag 
954 and/ or the height of pressure b^g 954. The appropriate 
amount of force may be determined by detecting when 
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replacement fluid 130 is* first released as flow 980 through* 
v^lve 140 in like manner described above. 

Waste balancing system 108 may be used as waste 
balancing system 8 in blood treatment system 10 depicted in . 
Figure 10. The arrangement of Figure 10 facilitate? a 
method for clearing a patient's blood of toxins by 
providing a protocol involving removing blood from thQ 
patient at a 'rate of - at legist 300 ml/min,. at least 
partially cleaaring the blood of ureraig toxins to create 
cleared blood, and returning the .cleared blood to the 
patient. The protogol can be carried out at least four 
times per week. A patient bipod withdrawal conduit 12 is 
connected' to the vascular system of a patient 14 at a 
location 16 which/, in preferred embodiments, is a high- flow 
rate valve port. Blood withdrawal conduit 12 is routed • 
"through a 'pump 18 and supplies blood to ^ £)lood treatment ' 

unit 20 via an inlet port 22.. In preferred embodiments, 

f ' ■ ' • 

blood treatment unit 20 is a hemofilter. .Alternatively, 

blood treatment unit 20 may be ^ dialysis machine. Treated 

blopd.# f 3^om which waste product has been removed by blood 

treatment unit; 20,. exits blood treatment unit 20 at outlet . 

24 and is delivered, via conduit 26, to the vascular system 

of pfitient 14 preferably by way of location 28 which, in 
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preferred embodiments, is a high-flow rate port- An 
ultrasonic detector 30 can provided along copduit 26 
between blopd. treatment unit 2.0 and t>atient 14 to detect 
any oj: all of flow rate, air bubbles (foam) , and 
hematocrit. A safety clamp 32 can be provided as well to 
Stop flow if detector 30 indicates the presence of 
unacceptable levels of air bubbles. 

Waste product (waste filtrate in a hemof iltratioji 
system) exits blood treatment unit 20 via port 33 and 
passes thrbugh conduit 34 into waste balancing system 8. 
conduit 34 passes through a pump 40. A blood detector 35 
can be positioned albng conduit 34 tp detect any leaks- in a • 
filter within blood treatment unit 20-. The detector 
detects- red blood cells which, if a filter rupture has . 
occurred, will l^ak into cbnduit 34, rather than being • 
■ re'turned to patient 14. "the detector be controlled by ' 

a treatment controller, "and operably and electronically 

* 

linked to a system that stops treatment.. -An articulated 
clamp 37 cari be positioned along conduit 34 to control, or 
at least fine tune, the rate of flow through pump 40. 
Waste balancing system. 8 is f luidly connected to 
. conduit 26 via a replacement fluid conduit 44 with ^ 
•connection 48 between conduit 44 and conduit 26. Conduit 
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.• 

44 passes through a pump 50. Waste balancing system 8 need 
include only that amount of infusate required for a 
particular treatment. Where a bi-daily (every oth^r day) 
protocol .is indicated, wa^gte balancing system 8 m$iy 
initially contain from about 8 to cibout 24 liters of 
infuQ^te. Where a daily protocol is indicated, waste 
balancing system 8 may initially contain from about 8 to 
about 12 litere of infusate. 

A sterile filter 47 is positioned in conduit 44 
between pump 50 and conduit 26. 

Pumps. 18, 40, and 50 may be individual peristaltic 
putnps or combined as a single peristal tiq pump, fpr 
example . 

• When wa^te balancing system 108 is used as waste, 
balcihcing system 8 in Figure 10, waste 170 may be delivered 
to flfexible bag 160 by conduit. 34* and replacement " fluid 130 
may be delivered from flexible bag .120 to patient 14 via 
conduit 44 ... • 

•Alternatively, waste balancing system 8 m^y comprise a 
flpw meter for measuring the amount of w^ste flowing 
through conduit 34 . A contjroller may then control pump 50 
to pump an amoiint of replacement fluid selected on the 
ba^is of the measured wa^te flow. For example, to operate 
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in a balanced condition, the controller may control pump 50 

to pump an ^imount of replacement fluid equal to the 

measured waste flow- 

Figure 11 shows multiple balancing system 408.- 

Multiple balancing system 40.8 has waste balancing system 

208 and waste* balancing system 308. Waste balancing system 

208 ^nd waste balancing system 308 may both be structurally 

f 

identical to waste balancing system 108 depicted in Figure 
1 or waste balancing system 908* depicted in Figure 13 f for 
example. In multiple balancing system 408, one of the two 
waste, balancing systems* 2 08 and 308, may be f unctioning . as* 
.described ^bove in coijnection with Figures 2 through 4 
while the other one is being restored to the initial state 
depicted in Figure 1 . 

For example. Figure 11 depicts waste balancing system 
208 in ith' initial state, i.e., full of replacement fluid 
and containing no waste fluid- Waste balancing system 308 
is shpwn in its final state, i,e,, exab^tantially empty of 
replacement fluid and full of waste fluid- These conditions 
may .result from operating multiple balancing system 408 for 
on^ half of a complete pycle," s^s follows. . 

During the first half of . a cycle, pumps 391 and 392 
are activated, causing wa^te 370 from a patient to travel 
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from waste line 234 into flexible b$ig 360. The pressure 
from the weight of ws^ste 370 forces an equivalent weight of 
replacement fluid 330 to l?e jcel^ased from flexible bag 320 
through valve 340, as regulated by pressure element 350, 
and is pumped by pump 392 to a patient via replacement line 
244. .The first half of the cycle is complete when flexible 
bag 320 is depleted down to level E as detected by empty 
sensdr 362, for example* 

When the fi^fst half of the cycle is completed, pumps 
391 ^nd 392 ar^ deactivated, and pumps 291, 292, 393, and 
394 are activated, initiating the second half of the cycle. 
The activation of pumps 291 and 292 causes w^ste 270 from 
the patient to travel from waste line 234 into flexible bag 
260. The pressure from the weight of waste 270 forges an . 
equivalent weight* of replacement fluid 230 to be released 
from flexible bag 220 through valve 240, as regulated by* 
pressure element 250, and may be provided to a patient via 
replacement line 244. Activation of pump. 393 causes 
replacement fliiid 430 from replacem.ent fluid source 420 to 
flow into flexible bag 320. Activation of pump 394 causes 
waste 370 that accumulated during the first half of the 
cycle in flexible bag 360 to be transported to waste dump 
460. The depletion pf flexible bag 220 down to level E may^ 

6383/53951^51 DCLIB1/219074 v1 20 1/15/2003 11:28:60 AM (18767) 



PATENT • 

Attorney Docket No. 53951-05X 

be (ietected by empty sensor 262, for example. The second 
half of the cycle is complete when flexible bag 220 is 
depletecj dpvm to level e; flexible bag 320 is fully 
.replenished with replacement fluid 430, and flexible bag 
360 is emptied of • wa^te 370. 

A new cycle begins with deactivation of pumpg 291, 
.292, 393, and 394, and activation of pump3 391, 392, 293, 
and -294. The activation of these pumps returns waste 
balancing system 208 from a depleted st^ite to the full 
state depicted in Figure 11. 

in the embodiment of Figure 11, replacement fluid 
source 420 may be man^ times larger than f leixibl^* bags 22.0 
and 320, and waste dump 460 may be many times larger than 
flexible bags 260 and 360. This permits waste balancing 
systems 208 and 308 to be compactly located together remote 
from replacement fluid source 420- and waste dump 460. In 
this case, waste balancing system 208 and waste balancing 
system 308 may be, many times smaller than, but structurally 
similar to, waste balancing system 108 depicted in Figure I 
or waste balancing system 908 depicted in Figure 13, for. 
example. 

•Alternatively, pressure elements 250 and 350 may be * 
replaced by weight scales and a, controller adapted to 
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maintain a constant weight in containers 210 and 3iQ in 
multiple balancing system 408. In this case, the 
gontrpller would control the system's pumps to pump 
replacement fluid in response to the weight of wa&te added 
to container 210 and 310. 

Figurfe 14 illustrates such a system* Multiple 
balancing system. 508 employs scales 251 and .351 instead of 
pD^essure elements 250 and 35.0, respectively. 

Alternatively, a system may employ -both scales and 
pressure elements as iredundant controls. When both the 
scales and the pressure elements are functioning a? 
described abpVe, the redundancy improves jaccuracy* Thii? 
may be thought oil as reducii^g the signal- to ^noi's^ ratio of 
the data used as evaluation characteristics . Oh the other 
hand, wh^n on$ or more of the scales or pressure elements 
fails,! the rediindancy ensures continuous operation. 

Figure 15 illust?rates an example of a redundant 
system. Redundant system. 60 8 may normally operate in a 
selected one of the modes described above with respect to 
Figure 11 and Pigu?:e 14, If the selected mode encounters 
difficulty such as ' faulty ecjuipment or an alarm condition, 
redundant system 608 may 3witch to another of the modes. 
For example', if redundant system 608 normally operates in . 
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the scale mode described in cprmectipn with Fig^ire 14 using 
a controller to determine the amovmt of replacement fluid • 
to pun^ based on the measured weight of container 210, a 
problem with th§ controller may prevent proper operation of 
redundant system 608. In that event, redundant system may 
switch to th^ pressure element mode of operation described 
in connection- with Figure 11. • 

If redundant system 608 normally operates in the 
pressure element' mode, for example, redundant system 608 
may concurrently o^perate in the scale, mode as a check on 
the accuracy of operation. If a discrepancy is detected, 
the system may automatically correct itself or. signal an 
alarm condition. 

When multiple balancing system 408 is ysed ag waste 
balancing system 8 in Figure 10, waste" may be delivered to 
waste line 234 by conduit 34) and replacement fluid may be ' 
delivered from replacement fluid line 244 to conduit 44. 

Figxxre 12 shows h^mof iltr?ition machine 516. 
Hemofiltration machine 516 may employ multiple balancing 
system 408 to replace w^ste, removed from a patient by • 
hemof liter 534,. with replacement fl\iid. Hemofilter 534 may 
form an integrated part of (disposable cartridge 518, if 
desired. The elements of multiple balancing system 408 may 
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be distributed in hemof iltration machine 516 as follows, 
for example. Flexible bags 220, 260, 320, and 360 may be 
contained in disposable cartridge 518 in slot 527. 
Indentations (not shown) pn chassis panel. 526 register with 
comparable indentations (also not shown) on door 528 when 
door 528 is slid along r^ils 531 to sandwich cartridge 518 
between dpor 528 and chassis panel 526. Upon registration, 
these indentations may combine to form containers 210 and 
310. The remaining elements of multiple balancing system 
408 as described in connection with Figure li may be 
contained within hemof iltration machine 516. 
Alternatively, replacement fluid source 420 and/or waste 
dump 460 may be situated external to hemof iltration machine 
516 with appropriate connections to pumps 292/ 293, 393, 
and 394 within hemof iltration machine 516. 

Flexible bags 120,. 160,/ 22Q, 260, 320, and 360 as 
described ^jre expandable containers. Any or all of these 
.m^y be replaced with other expandable containers. For 
example, such an expandable container may comprise 
accordion pr flexible sides with a rigid top and bottom. 
Or, an Expandable container may comprise a flexilxLe elastic 
bag. Alternatively, instead of using an expandable 
container, some or all of flexible bag .pairs 120/160, 
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220/260, and 320/360 may be replaced with a piston .or other 
partition in sealed moveable engagement" with the aideg of 

I 

container 110, 210, ox 310.. 

Figure 13 depicts waste balancing system 908. Waste 
balancing system 908 operates similarly to waste balancing 
system 108 but flexible bag pair 120/160>as been" replaced 
with piston 981 in gealed moveable engagement with the . 
sides of container 110. As waste 170 is added on top of 
piston 981, piston 981 can moV"© down in order to push 
.replacement fluid 130 out of container 110 through valv$ 
140. ?^his movement may be sensed and/ or controlled by 
pressure element 150. The amount of replacetnent fluid 130 
that exits container lio below piston 981 through valve 140 •• 
may be balanced' against the amount of waste added above 
pistpn 981 in container 110... For exauirple, pressure ^l^ment 
150 may sense and/ or control the passage of replacement 
fluid 130 through valve 140 in like manner describe above. 
Pressure element 1^0- may maintain a constant fluid. pressure 
at y^ilve 140 or a constant level cf the combined .height or 
weight of waste 170 and replagement fluid 130. 

Jn any of the enibodimenhs described herein, a waste 
balancing system may be operable to achieve balance, ultra- 
filtration, and/ or bolus conditions. In a balance 
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condition, the amount of replacement fluid leaving a waste 
balancing system is approximately equal to the amount; of . 
waste entering a waste balancing system. This may be 
indicated when a patient is to re«^eive replacement fluid in 
$in amount approximately equal to the amount of waste 
removed from the patient's blood stream. In an ultra- 
filtratibn condition, the amoxant of replacement fluid 
leaving a waste balancing system is less than the amount of 
waste entering a waste balancing system. This may be 
indicated when a patient is to receive replacement fluid in 
an amount less than the amount of waste removed from the 
patient's blood stream. In a bolus condition, the amount 
of replacement fluid leaving a* waste balancing system is 
greater than the amount of waste entering- ^ waste balancing 
system. This. may be indicated when a patient is to receive 
replacement fluid, in an amount greater than the amouht of 
waste removed from the patient's blood stream. 

Any given- waste balancing system disclose^ herein may 
be automatically or manually adjustable before or during . 
operation to echieve one or more of the balance, 
ultrafiltration, and bolus conditions- For example, the 
extent of ultrafiltration may be adjusted to achieve. a 
(Jesired amount of net fluid lops for a patient. Pressure 
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elemept 150 may be set to maintain the cQmi)ined ^luid lev^l 
in container 110 at a fixed or increasing level higher than 
F. another example, pome percentage or absolute amount 

of the waste entering waste balancing system 108 m^y be 
siphoned off without being added to container 110. Waste 
may be siphoned off before reaching waste balancing system 
8. . . 

* Figure 14 depicts multiple balancing system 508", ■ " 
Multiple balancing system 508 is' conrparable to multiple • 
balancing system 408 depicted in Figure 11, except that 
sensing functions of pressure elements 25Q and 350 are 
performed by scales 251 and 351, respegtively. • Sciale 251 » 
weighs container 210 in order to detect the change in 
weight caused by waste 234 entering flexible bag 270. This . 
information is provided to an operator (not shown) . The 
operator may be axi electronic 'controller,' an attendant, a 
remote medical professional, or the patient, for example. 
The operator uses the informatign as an evaluation 
characteristic and determines therefrom a control parameter 
for operation of pump 292. For example, if it is desired 
to operate multiple -balancing system 508 in a balanced . 
condition and waste removed from a patient is added to 
flexible bag 260 in container 210/ the -operator may 
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detejrmine that pump 292 should be operated so as to c^use 
ifeplacement fluid 230 to be pumped out of container 210 and 
pi-ovided to a patient via conduit 244 in an amount required 
to maintain container 210 at a constant total weight. The 
operator may usq a flow rate' associated with pump 292 as a 
control parameter.. Or, the operator may simply use an 
on/off cpntrpl for" pump 292 as a control parameter, 
controlling pump 292 to be on until such time as sc^le 251 
indicates to the operator that the weight of container 210 
has been maiTitaiii^d. Thus, the .patient may be provided 
replacement fluid in an amount .(mass) equal, to the mass of 
the removed waste.* 

Waste balancing system 308 may be operated in similar 
fashion in a cycle alternating with waste balancing system 
208 as described in qonnection with Figure H in order to 
provide the patient vminterrupted availability^ or* constant 
flow of >eplacement fluid from multiple balancing system 
508 . h third waste b^ilancing system (not shown) may be ' 
available to switch in as a backup in case waste balancing 
system 208 or waste balancing system 3 08 becomes 
unavailable pr inoperable. Thus, uninterrupted 
* availability of replacement fluid may be assured even if a 
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waste balancing system in multiple balancing system 508 is 

out of ser-vice. 

AS shown in Figur.e 14, tnultiple balancing systetti 508 
may be implemented as a tandem waste balancing systetp 
without a third wast^ balancing system. 

Figure 15 illustrates multiple balancing system 608. 
Multiple balancing system '608 is similar multiple 
balancing system 508 but employs both pressure element 250 
and scale 251. For eacample, pressure element 250 may 
pf ovide redvAdahcy a^ % back-up to or accuracy check on the 
operations described in connection with scale 251- 

Pigixre 16 illustrates multiple bal^cing system. 708. 
Multiple balancing system 708 is comparable to multiple • 
balaiicing system 408 described in connection with Figure 
11, except for the addition of gap 211 (and cap 311) . Cap 
211 is fixed at a certain height in apntain^jr 2101 ■ tor 
example, cap 211 may be installed at a- selected height F by- 
clamping cap 211 to container. 210 with clamps 212. Once . 
installed ±n place, cap 211 defines and fixes a certain 
maximum volume below cap 211 in container 210. . This 
tnaximum volume serves as an upper limit on the combined 
volume of flexible bags 260 and 220. During operation of 
waste balancing- system 208, when the combined volume, of 
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flexible bags 260 and 22 Q e^als the maximum volume, no 
more waste can b4 addecl t;:o flexible bag 260 unless an equal 
or greater. volume of replacement fluid exits flexible bag 
220. Pressure element- 250 and empty sensor 262 may be 
included for redundancy. 

Waste b&l^ncing system 208 as shown in Figure 16 may 
be initially set up as follows. First, flexible bag 220 is 
established in its full condition in containe^r '210. 
second, flexible bag 270 is established i?i its empty , 
coridition on top of and in contact with flexible bag 220 in 
container 210. Third, cap 2li is placed on top of and- in 
planar contact with flexible bag 270. Fourth., cap 211 is 
fixed in place with clamps 212. 

After waste balancing system 208 is set up as shown in 
Figure 16, it may operate to balance waste against . 
replacement fluid based oii both volume and mass. "Cap 2 11 
may provide a volume-based evaluation characteristic and 
coiitrol parameter, and pressure element 250 may 
concurrently or alternativeiy provide a inass-based 
evaluation characteristic an<l control parameter." 

Note that instead of .a container 210 with cap 211, a 
fixed volume may be defined by various other means. For . 
exainplev two halves of a clam-shell-like encSlosure may be 
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claniped aroimd flexible envelope^ as described in US patent 
Ser. No. 09/513/773, which is hereby incorporated by 
reference as if fully set forth in its entirety herein; . 
Also note that the ernbgdiment of Figure 16 m^y include only 
a single container 210. In such a single- container 
embodiment, the wagte flexible bag 270 may be emptied, and 
the replacement fluid flexible bag 220 refilled, at regular 
intervals to ^^recharg^" the system. 

Figure* 17 illustratee multiple balancing system 808. 
Multiple Ijalancing system 809 is similar to multiple 
balancing system 7.08 except that pressure element 250 has 
been removed and scale 251 has been added. Additiopally, 
cap 211 may fee permanently pre-installed. at .level F, 
creating a permanent fixed-volume chamber within container 
210 below cap 211. In operation, the fix^d-volum^ chamber 
provides a mechanical volume -based evaluation criteria by- 
sensing the volume of waste fluid received and. also 
provides a mechanical volume-based control parameter by 
controlling the vojumfe of • replacement fluid .provided to the 
patient. Scale 351 mj^y provide the Weight of container 210 
as a secondary evaluation characteristic. During 
operation, if th^ secondary evaluation characteristic 
indicates a yalue outside of a pre -determined range or- 
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percentage variation, an alarm condition may be generated. . 
For example, if the secondary evaluation characteristic 
indicates that the weight of container 210 has risen higher 
than an upper bound, an alarra condition may cau^e pump 291 
to be deactivated. Or, if the secondary evaluation 
characteristic indicates that the weight of container 210 
has fallen lower than a lower boiind, . an alarm condition may 
cause pump 292 to be deactivated. 

. . Waste balancing system 308 may operate in a cycle 
opposite that of waste balancing system 208 in multiple 
balancing system 808. 

Figuare 18 represents multiple balancing system 1008. 
Multiple balancing system 1008 is shown having identical 
containers 410 and 510. Container 410 defines a chamber 
487 having a permanently fixed volume and comprising waste 
compartment 413 and replacement fluid compartment 489 
divided by divider 415. Divider 415 may be a diaphragm, 
for example. Alternatively, waste compartment 413 and 
replacement fluid compartment 489 may each comprise a 
flexible .plastic bag inside of chamber 487, with divider 
415 being formed by fusing together the contacting portions 
of the two flexible- plastic bags. Scale 451 reflects the 
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combined weight of the contents of waste compartment 413 

and replacement , fluid compartment 489, 

In the state shown in Figure 19, container 410 has a 

waste-f luid-in valve open, permitting, .waste, fluid to flow 
into waste compartment 413 • • A replacement -fluid-but valve 
is ^Iso op^n, permitting replacement fluid to flow out of 
replagemeyit fluid cpmpartment 489. When chamber 487 is 
full, the addition of a volume of waste fluid to waste 
compartment 413 forces an equal Volume of replacement fluid 
to exit replacement fluid compartment 489- 

At the same titne, container 510 is shown operating in 
a cycle opposite that of. container 410- A waste- fluid- out 
valve is opQii, permitting waste fluid, to flow out of waste 

.compartment 513. A replacement -fluid- in valve is also 
ppeii/ permitting replacement fluid to flow into replacement 
fluid compartment 5*89. "wheri chamber 587 "i^ full, the- 
addition of a volume of replacement fluid to replacement 
fluid compartment 589 forces an equal volume of waste fluid 
to exit waste compartment 513. In this* manner, container' 
SlO may be reset while container 410 is used to provide 
replacement fluid tP a* patient in need thereof. When waste • 
compartment 413 becomes full or replacement fluid 
compartment 489 becomes enpty, the cycle can be reversed,, 
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i.e., container 510 can proviple replacement fluid to" a 
patient while container 410 is reset. 

While container 41,0 is providing replacemeat fluid to 
a patient or accepting waste fluid from a patient, scale 
451 provides an additional margin of safety arid reliability 
by reflecting the combined weight of the contents of waste 
coit5>artm^nt 413 and replacement fluid compartment 489- If 
the combined weight falls above or below a safety mArgin, 
an alarm condition may be- indicated- AS one possible 
result 9f such an alarm condition, the waste-f luid-in valye 
and replacement -fluid out valve of container 410 may be 
closed. Another possible result would be that only one of. 
those two valves may be closed. For example',, if the 
'cont)ined weight falls' above, a safety margin, the alarm 
condition may result in closing the waste-f luid-in valve 
while 'leaving open the replac^ment-fluid-but valve 'of 
container 410 tintil the combined weight is again within the . 
safety margin. . • . • 

Thus, fixed- volume chamber 487 makes available a 
volume'based evaluation characteristic and a volume-based 
control parameter. Scale 4Sl makes available a mass -based 
evaluation characteristic.- Operation of the valves as 
des.Cribed herein, makes available a replacement flow on/off 
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control parameter. A volume-based evaluation 
characteristic may be. combined with a mass -based evaluation 
characteristic tp determine appropriate values for control 
parameters to provide a desired amount of replacement f l\iid 
1;o a patient. 

Figure 19 exemplifies implementation of multiple 
balancing syetem 1008 in a blood treatment system 919. 
Blood treatment system 910 treats the blood of patient 914 
with blood treatment unit 20. As illustrated in- Figure 19, . 
blood treatment unit 20 may be- a hemofilter. 920. 

' Figure 20 is similar to Figure 19 exc?ept that Figure 
20 only has one container 41Q. . While chamber ^487 is being 
reset '^s described above, replacement fluid could be 
temporarily halted" or it cpuld be provided directly from 
replacement fluid source 420. If replacement fluid is 
temporarily halted, blgpd .treatment system' 910 may continue 
to operate but in an ultrafiltration condition. 

Figure 21 illustrates implementation of waste 
balancing system 108 in blood treatment uriit 20. Blood 
treatment \anit 20 may for example b^ dialysis machine 820. 

Figure 22 show^ bipod treatment system 910 combined 
with waste balancing system 8, patient scale 951, and 
controller 966. Controller 966 may detect all available 
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ev?iluation characteristics and cpntrol all available 
control parameters. For exattqple, patient scale 951 may 
provide controller 966 with the patient's weight as an 
evaluation characteristic. Patient 914 tn^y be weighed on 
patient scale 951, intermittently or continuously, during 
operation of blood treatment system 910. 

The memory of controller 966 may store an ideal weight 
for patient 914. Alternatively, the processor of ^ 
•controller 966 may calculate an ideal weight by averaging 
previous measurements of the weight of patient '914 as 
deteqted by scale 951 and stored in the memory of • 
controller 966. Or,, controller 96$ may determine the ideal .. 
weight by subtracting a desire- ultrafiltration amount (or 
adding a desired bolus amount), to the weight of patient 914 
at the- begiiining of tr^^tment as detected- by patient" PCale 

951- ., • . 

Controller 966 may operate the pumps in blood 
treatment system 910 or waste balancing system 8 to provide 
an ambwit of replacement fluid to- patient 914 necessary to 
maintain or achieve the ideal weight. 'For example, during 
treatment of patient •■914 by blood tireatment sygtem 910, if 
patient scale 951 detects a weight that escceeds the ideal 
weight for patient 9 14- by more than a threshold amount, •• 
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controller 966 may activate the ultrafiltration pymp to 

I 

remove waste fluid from bipod treatment unit 20 without 
providing a corresponding amount of replacement fluid tp 
patient -914, until scale 951 indicates that patient 914- is 
pit an acceptable weight. An acceptable weight may be a 
weight at or belpw the ideal weight, for example. 

Patient hydration sensor 959 senses the hydration 
level of patient 914. • For' exanple, patient hydration 
sensor .949 may sense the d^nsity> color, and/or composition 
of blood removed from patient 914, The patfient hydration 
level. may approximate the level of hydration (or* 
d^hyclration) of patient 914 ^s a percentage of the 
patient's body' mass that is liquid, for example. The 
patient hydration level is made available to controller 966 
as an evaluation characteristic and may supplement pr 
supplant data from sc^le 951, For example", controller 966 
may control the illustrated pumps to provide, enough 
replacement fluid to. maintain or achieve an acceptable 
hydration level stored in memory ot controller 966 for 
patient 914 . ' . 

Replacement fluid source 420 may have an empty sensor 
862 to indicate an c^larm condition to controller 966. 
Controller 966 may then make a connection over the Internet 
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I 

to order delivery of mote replacement fluid, for example. 
Similarly, waste dump 460 may have full senspr 864 to 
indicate an alarm condition tp controller 966. Controller 
966 may then make a connection over the Internet to request 
emptying of waste dump 460, for example. 

Figure 23 shows waste balancing system 1108 ' 
implemented as the waste balancing system 8 of Figure 22 . 
W^ste balancing system 1108 comprises flexible bag 160, 
flexible b^g 120, full sensor 964, and empty sensor 962. 
Full sensor 964 is operable to detect when flexible bag 120 
is full of replacement fluid. Empty sensor 962 is operable 
to detect when flexible bag 120 is empty. Full sensor 964 
and empty sensor 962 provide input to controller 966, which 
in turn operates the pumps shown. Controller 966- may 
control balancing system 1108 to provide replacement fluid 
tp patient 914 until empty sensor 962 detects that flexible 
bag 120 is empty. At that point, coiatroller 96 may control 
the pumps to reset balancing system 1108 by emptying waste 
from flexible bag 160 to waste dump 460 and refilling 
flexible bag 120 with replacement fluid from replacement 

fluid source 42 0. * 

Figure 24 is similar to Figure 23 except that multiple 
balancing system 1208 comprises more than one waste 
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balancing system. For exarnple, multiple balancing system 
1208 may consist of two or three waste balancing systems 
1108., 1109, ^nd so forth. in this embodiment, when 
balancing system 1108 is being reset, balancing system 1109 
may be operated to supply replacement fluid to patient 914 
and receive waste fluid from blood treatment unit 20 to 
permit continuous operation pf multiple balancing -.system 

1208. . ■ 

Pigurp 25 illustrates implementation o£ waste 
balancing sy.stem 1308. Waste balancing- system 1308 • 
comprises a flow mete.?r l329 to measure' waste removed from 
patient- 914 and an RF pump 1339 to pump replacement fluid 
£rpm. replacement fluid source 420 to patient 914 . 

• The output of flow meter 1329 may be provided to 
controller 966.- which in turn controls RF pump 1339 to 
provide an appropriate amount replacement flyidto 
patient 914- • For example, for a balanced condition, 
• controller 966 may control RF pump 1339. to pump an amount" . 
of replaceTivent fluid equal to the amovmt of removed waste ' 
detected by flow meter 13? 9. For an ultrafiltration 
• conditipn, controller: 966 may control RF pump 1339 to pump 
an ampunt bf replacement . fluid less than the amount of 
removed waste detected by flow meter 1329. For a bolus 
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condition, controlleic 966 may control RF pump 1339 to pump 
an amount of replacement fluid greater than the amount of 
removed waste detected by flow meter 1329. 

Flow meter 1329 may use a strain gauge or laser 
Dopp.ler to measure viscous flow, for example - Flow m^ter 
3.329 may use vortex i^heddihg, orifice or nozzle pressure 
drop, or Pitot tube to measure turbulent * flow, for example. 
Controller 966* may integrate over time a changing flow 
velocity detected by flow meter 132? in. order to determine 
the total amount of wapte removed from patient 914 via- 
blooci treatment system 20 and waste pump 1349.. 

Flow meter 1329 may be of a type that is legs accurate 
at flQw amounts belpw a minimum threshold. In that case, 
controller 966 controls* waste pump 1349 to pump only when* 
flow meter 1329 detects a flow amount greatei: than the • 
minimum threshold. -A buffer (not shown) between blood 
i^-eatment unit 2 0 and flow meter- 1329 may accumulate waste 
when waste* pump 1349 is deactivated. A level sensor (not 
^hown) in the buffer may indicate to controller 966 when - . 
the buffer has accumulated enough waste to ensure a flow 
amount greater than the minimum threshold, causing 
controller 966 to restart waste pump 1349. 
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Figure 26 illustrates waste balancing system 1408 
implemented in blood treatment system 10. Waste balancing 
system 1408 includes container 210 enclosing flexible bag 
220/ flexible batg 260, and cap 211 held by clamps 212. 
Upon installation of waste balancing system 1408 in blood 
treatment system 10, cap 211 is fixed at a desired position 
in- container 210 by clamps 212, thereby defining a fixed 
volume for the combination of flexible bag 220 and flexible 
bag* 260, A mass of removed waste is added to flexible bag 
260, forcing an equal mass pf replacernent fluid out of 
flexible bag 220 via conduit 44, The fixed volume assures 
that waste is not added to flexible bag 260 in a volume 
greater than the volume of i^eplacement fluid that exits 
flexible b^g- 220. 

■ Figur^e 21 illustrates waste balancing system 150.8 
implemented in blood treatment * system 10. Wapte balancing 
system 1508 comprises piston 981 sealed in slidable 
engagement within container 110, A mass of waste 170 added 
-to container 110 via conduit 34 bears down on piston 981, 
•causing pi^tpn 981 to slide downward in container 110 and 
force an equal mass of replacement fluid 130 to exit 
container 110 via conduit 44. Piston 981 may slide 
continuously between its illustrated position and the 
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position shown in phantom. PdLston 981 may alternately be 
replaced with a flexible diaphragm, for example. 

Any of systems 108, 208, 306# 408, ^08, 608, 708, 808, 
908, 1008, 1108, 1208, 1308/ 1408, and/or 1508, for 
example, may be used in waste balancing system 8 -of the 
blood treatment i^ystem depicted in Figvr^ IQ .or Figure 22, 
for example . 

Any of the alarms described herein may be transmitted 
from a patient's location to a" remotely located monitor. 
For example, an alarm generated at a patient's home may be 
automatically transmitted over an electronic comm\anications 
network to a remote medical csfr maintenance facility for 
appropriate attention- An al^rm may indicate to a doctor 
at a hospital, for example, that a patient undergoing 
hemof iltratipn at home may be in danger of losing a, net 
quantity o£ fluid greater than a desired ultrafiltration i 
amount. Thi^ ±9 e.xetTiplif ied in the Internet connection 
depicted in Figures 22, 23, 24, and 25- Or, an alarm may 
indicate to. a service provider, for example, that a 
customer's blood treatment system needs more replacement 
fluid supply or other service. 

Figure 28 is a flowchart of a method. 2800. Method 
2800 may be performed automatically by an electronic 
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controller. Alternatively, method 2800 m^y Ipe performed 

manually by a patient at home. Method 2800 includes steps 

2802, 2804, 2806, 2808, and 2810- 

In step 2802, the method selects one or more 

evaluation characteristic (s) for a blood treatment system. 

This selection may be predetermined by a provider of the 

blood, treatment system .and he^rdwi red, .coded, or implemented. 

mechanically, for example. Alternatively, the selection 

. * *. • • * 

m^y.be made by an operator or an electronic controller 
based on current conditions. 

. .In step' 2804, the method performs evaluation of the 
selected evaluation characte^ristic (s) . Thie^ evaluation may. 
be carried out automatically by electronic equipment 
connected to an electronic controller. Alternatively, the 
evaluation may be carried out automatically by mech^ica], 
equipment. Or, the evaluation, may be carried- out manually 
Ipy a patient at home. 

For example, if the selected evaluation 
characteristics include patient weight, the evaluation of 
step 2804 may be carried out automatically by a scale • 
connected to an electronic controller. During the entire 
time the patient' s blood is being treated, the patient may 
be seated on a platform coritaining -a scale that 
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continuously provides th$ patient's weight to ayi electronic 
controller. • 

In step 2806, the method select© control parameters. 
The selection may be made dynamically as a result of ^tep 
2802 and/or step 2804. For example, if accumulated waste 
volume is selected in step 2802 as an evaluation . 
characteristic, stejp 2806 may select RF volume supplied as 
a control parameter. In another example, if step 2804 
evaluates patient weight and findp it to be. outside of a 
normal r^nge, step 2806 may select multiple control 
parameters, such as RF volume supplied and RF mass 
supplied, as an additional safety measure. 

In 9tep 2808, the method determines from the* 
evaluation of step 2804 the desired result (s) in terms of 
control parameters selected ^in step 2806. For exanple, if 
the evaluation of step 2804 determines that the patient 
weight is too .high, step 2808 may determine that RF mass 
supplied should be less than accumulated waste mass by an 
amount ecjual to the patient's excess weight. 

1 In step 2810, the method controls to achieve the 
desired result in real time,- i.e., during a treatment 
session. • For example, if the desired result is to supply 
RF mass that is a certain amount less than accumulated 
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wa^te mass, the method may control a waste balancing system 
to supply RF masg in ^n amount less than accumulated waste 
mass. Method 2800 may jreturn to step 2802 or 2804, 

Any number of exemplary evaluation characteristics may 
be evaluated in order to determine a value for any number 
of exemplary- control parameters. For example, fuzzy logic 
implemented in an* electronic controller may determine that 
a certain, combination of values determined upon evaluation 
of patient Jiyclr^tion, patient blood pressure, and patient 
temperature should result in controlling the alarm Qn/Off 
control parameter into ah On state and the Treatment On/Off 
control parameter into an Off state. As another example, 
evaluation of the cleanliness pf - patient's blood and the 
desired treatment duration may determine an RF composition 
desired as a control parameter. Some exemplary evaluation 
'characteristics may also be exemplary control parameters, 
and some exemplary control parameters may also be exemplary 
evaluation characteristics. 

Referring now. to Figure 29, a batch balancing device 
1508 employs a single fixed volume vessel 1510 has an 
internal volume 1560 enclosing subvolum^s 1500 and 1505 for 
replacement fluid and waste fluid respectively. The' 
internal volume 1560 is fixed by means of a cap 1511 fixed 
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by mean9 of locks 1512 in a manner similar tp th^t 
describeci with respect to foregoing embodiments. As waste 
fluid passes into subvolume 1505, an equal volume pf 
replacement fluid m^y be forced o^t of saibvolume 1500, 
Ve3S.el'1510 may be large enough to cpntain an entire batch 
pf replapement fluid for a treatment . in the subvolume 1500 
at' the start of • treatment . . During treatment/ the subvolume 
1505 may fill with .waste fluid and ultimately a'ccpmmod^te a . 
volume resulting from an entire treatment. In this 
embodiment; therefore, .no cycling of valves ox pumps is 
required as e^Ch incremental volume of waste displaces a 
corresponding volxame of replacement fluid progressively 
filling the .Wbvolume 1505 and progressively emptying the 
siobvolume 1500. The ?:esult of the ^bove may therefore be a 
proper balancing of waste and replacement fluid over the 
course of an entire '"treatment with no required cyclic 

operation. . 

Valves "1541 1 1542, 1543,. and 1544* may be employed to 
initially fill subvolume 1500 .and empty* subvolume 1505 by- 
appropriately opening and closing at appropriate times for 
filling and draining. 

A. refinement or alternative to the above is also 
. illustrated*: ^ sc^le 1551 may be employed to weigh an 
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entire combined mass of replacement fluid and waste fluid 
to provide for constant fluid balamce during .treatment. In 
• an embodiment relying solely on s<?ale 155i,. the cap 1511 
. and locks 1512 may not be required. Du^ring treatment, 
waste may be pumped into the subvolume 1505. This causes 
the' tptal mass within the container 1510 to change unless 
replacement f luid .i^ removed from gubvolume 1500. A 
cpntroiler (not shpwn in. Figure 29) may control the flow of 
replacement fluid to maintain a constant total ma©s of the 
container 1510 and its contents in response to a weight 
indication from the scale^'1551. Constant volume- and 
^ weight may be used in concert to control a jingle batqh ' 
system as illustrated in Figure 29. For example, weight may 
be used to provide an out -of bounds signal to heljp 
guarantee the integrity of the constant volume- system. 
' " More particularly, a control ler- may receive a signal from 
the scale "and if the total mass goes out pf a predefined- 
range during treatment, an error con4ition may be indicated 
by the controller. Otherwise, the system- may rely, on the 
constant volume mechanism, in which replacement fluid is 
displaced by waste to maintain fluid balance during 
treatment. 
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In an alternative embodiment, a signal. from the scale 
indicating total mass may be used continuously to adjust: 
the flow rate of replacement fluid. ' For example, the flow 
of replacement fluid may be smoothed by biagjng the rate Qf 
flow of replacement fluid generated by the constant volume 
mechanism according to a weight signal. Thus," for example, 
if the total m?iss indicated by the scale 1551 is offset 
from a predefined value the flow of replacement fluid may 
be increased or retarded by a' contr<>ller that controls, an 
assist pump (not. shown, but pireferably a non positive 
displacement ' type pump ^ such as' a centrifugal or turbine 
pun?)) in the replacement fluid outflow path. Thus, when an 
• irregular flow results from the constant volume mechanism, 
it may be smoothed by data from the scale 1551. Such 
irregular flow may result", for example, due to. irregular 
flexing of . the flexible envelope's. 1560 and 1520 coritaining 
the siibvolumes 1500 ancjl 1505-. Yet another option is to, 
switch to const?int-mass control using the weight as.^ • 
signal to control replacement fluid flow when the weight 
varies from a range around a pyredefined value. Note that 
the predefined weight value m^y be set as the initial value 
l?ef ore treatment, begins . 
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Referring now to Figure 30, a double peristaltic pvunp 
1300 jpumps waste fluid and replacement flMid through 
respective lines 1305 and 1310, The dduble peristaltic 
punip 1300 may consist of two pua?)s on- a common shaft (the 
shaft is not explicitly illustrated) or may be rotated by a 
drive that provides for equal displacement rate of both the 
waste and replacement fluid streams flowing through lines 
1305 and 1310. The doiible pump's 1300 rotor 1302 engages 
both lines 1305 and 1310 to pump fluid in each 
simultaneously and at rates that are proportional, since 
both pun?j irates are governed by the same shaft speed (i.e., 
tibat of the rotor 1302) . The lines 1305 and 1310 may be 
identical and the rotor 1302 may be configured to engage 
them identically sugh that the rates of pumping in both , 
.lines '.1305 and 1310 remain identical. As a result, the 
rate of flow of waste in We of the lines, say 13 05, may be 
identical' to a rate of flow of replacement fluid in the 
other line say 1310. Figure 31 illustrates this context. ' 

Referring now to Figure 31, filter waste from a filtejr 
waste outlet 1340 is dr^wn by one. line of a double puilip 
1335 which may be fashioned as illustrated' and discussed 
with reference to Figure 30. Simultaneously replacement 
fluid is puit^d from a source 1342 through the other lin^ 
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of the doxible pump 1335. The repXaeetnent fluid may be 
pumped into a patient 1347 whil^ waste is conveyed to a 
waste receptacle 1345. Note that the double pump 1335 may 
be of a type pther than a peristaltic pump as illustrated 
in Figu^re 30. For example, it may be of a non posit ive- 
digpl$Lcemerit type such as a pair of turbine or centrifugal 
pumps driven by a common drive mechanism. Alternatively, 
it may be of a piston and cylinder, roots blower, diaphragm 
or other type of positive di^placqsment pump. , Preferably, 
the pump is of a type that allows for hermetic isolation of 
fluid contents. 

■Most types of pumps, including peristaltic pumps, are ^ 
characterized by pumping rates that are not perfectly 
proportional tp rotor speed but rather to both rotor speed 
and pumping head. Thus, pressure of the waste and 
replacement fluid lines may be measured at a pump-inlet, 
pump-outlet, or both by pressure seijsors as indicated at 
1337 and 1338, The latter indicate pressure sensing at 
' pump-inlet locatiQns. A controller 1368 may control the 
• pump .9peed or otherwise control the pumping rate 30 as not 
to generate a pressure difference across the double pump 
1335 that is determined to correspond to equal flow rate 
through both the. RF and wa^te lines. Thus, if the pressure 
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at the inlet (illustrated) or pressure drop (not 
illustrated, but pressure-difference transducers could be 
used with taps at points UpstVeam and downstJreani of .the 
double pump 1335 or an additipnal set of pressure sensors 
located downstream of the double pump 1335 could be used), 
could be determined by the gontroll^r ^nd if it ran above a. 
predetermined value, the pump rate could be slowed (e.g;, 
by reducing the rotor speed of a peristaltic pump- as . 
illustrated in Figure 30) and -if it dropped too low, the 
rate could be increased. Note that only an upper limit trtay ' 
be employed jrather than an allowed band of pressure 
differences. . Alternatively, the controller may halt 
treatment if the pressure head goes outside a predefined- 
range. Alternatively, control valves (not shown) tnay be 
used" to equalize the head across both portions of the 
doiabie pump 1335 to ensure that flow ratei will tend towkrd 
identity. 

Figure 32 illustrates another mechanism for • 
controlling the rate of flow of replacement fluid such that . 
it DTemains nearly identical to the rate of flow of waste 
removal. The configuration of Figure 32 is similar to that • 
of Figure's! except that instead of a single doiible puiiip 
1335 ^(Figure 31) ' separate pumps 1351 and 1353 are .used for 
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•pumping waste and replacement fluid respectively. ' 
Respective throttling valves 1354 and 1352 in eaglj fluid 
line crfeat9 ^ pressure difference on either side thereof, 
that is measured by respective pressure sensors 1361; 1363, 
1362, an4 1364. The latter apply pressure signals to a = 
controller ,1367 which. regulates the pumping speed of the 
• two pumps 1351 ^d 1353 to provide for identical (or a" 
desired departure from identical rates as indicated by 
treatment requirements) -flow rate of replacement fluid 
acfded-to" the patient i347 and waste fluid drawn from a 
filter outlet 1340. In effect,' the throttling valves 1?54 
and 1352 and pressure sensors 1361, 1362, i352 and 1364 are 
used for flow measurement whereby the thtottjing of the 
flow and the pressure indicate flow rate according to a 
pressure drop versus flow rate curve whi.qh may be derived 
by suitable calibration. A curVe may 'be include other 
parameters such as fluid' temperature and density indicated 
•by concentration sensors and temperature sensors- 

Referring to Figure 33, pressure differential across 
the doiible punp" 1335 (pump .head) may be controlled by a 
controller. In Figure. 33; two additional mechanisms are 
illustrated for controlling the pumping head of - the dovible 
pump 1335. In a first, a variable throttling v^lve 1354 is 
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controlled by a cont:roller 1369- responsively to on^ or more 
pressure sensors exemplified by pressure sensors 1358 and 
1356 located upstream of the double pump 1335. The 
variable throttling valve 1354 may vary the pump head of 
the double pump 1335 on the filter waste 9ide such that a 
desired parity with .the head across the replacement fluid . 
side is achieved. Note that pressure- sensors may .be us^d 
downstream of the double pump 1335 alternatively, or i,i • 
addition to> the pressure sensors 1358 and 1356- tp ; " 
determine pressure head. . Also, differential pressure 
transducers may be used with upstream and downstreaqi taps- 
. Moreover, a varialple throttling vaive may be used 
downstream of the double pump 1335 rather thari upstream. 
The throttling may be done on the replacement fluid side 
' alternatively or in addition to throttling on the waste 
fluid side as illustrated,. 

Illustrated on the replacement fluid side is a linear 
actuator 136? which is controlled to raise and lower a drip 
tank -1365. Fluid from the replacement fluid source 1342 is 
supplied to the drip tank. 1365 and the height of the fluid 
column, oan be varied by the linear actuator 1362 by raising 
• and lowering the drip tank 1365. As a result, the 

controller 1369 is able to vary the inlet, pressure sensed 
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at the pressure sensor IS'se/ By controlling th^. pressure 
of one side of the double pump. 1335, it may be possible to 
provide a desired pressure head across the double pump. 1335 
to ensure th^t.both the replacement fluid side and waste 
.fluid side^re substantial iy equal or such that they differ 
by an amount that ensures the total fluid balance during a 
treatment is ^t a desired level," for example, such that the 
volume of replacement fluid added to the patient is equal 
to the volume of waste jfluid removed. 

■ Referring now to Sigurd 34, a mass-balancing system 
X707 for maintaining patient fluid balance is illustrated. 
Here, waste flows into a waste bag 1741 through an inlet 
tube 174^. Access to the inlef tube 1746. may be. controlled 
by ^ valve 1721 ; An outlet tube 1756 may be used to 
release the contents of the waste bag 1741 via a valve 
1723. Replacement' fluid flows into a " replacement fluid ba^" 
1741 through an inlet tube 1747. Access to the inlet tube 
1747 may be controlled by a valve" 1722-. An putl^t tube 
1757 may be used to release the contents of the " replacement 
fluid bag 1742 via a valve 1724. The total mass of the 
bags 1741 and 1742 and their contents is indicated by a 
scale 1705 and hung from a fixed hanger 1700. 
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.At the Start of treatment, the controX valve 1723 may 

be opened and the control valve 1721 closed .to permit the 

emptying of the waste fluid bag 1741. Also, the qontrol 

valve 1722 .may be opened and the control valve 1724 closed 

to permit the filling of the -replacement fluid bag 1741 

with replacement fluid. Prior to treatment, a reading .from 

the 9cale 1705 m?iy be ot>tained and stored by a controller 

(not shown separately) . The cpiit roller may tten control 

the control valves 1721, 1722, 1723, and 1724 as well as. 

any punqps en^loyed, depending on the particular design of 

the treatinent system, to fill the w?iete fluid bag 1741 with 

•waste fluid and move replacement fluid out of the. 

replacement fluid bag 1742 at such ^rate as will maintain a 

constant value of the m^ss indicated by the scale 1705. 

The bags 1741 and 1742 may be large enough to ■accommodate 

. . - • • • , .. 

that waste and replacement fluid loads for ap entire 

treatment . 

Alternatively, the cont;rol valves 1721, 1722, 1723, 
iand 1724 (and any pumps required - not shown) may be 
actuated to periodically empty the waste fludd bag 1741 and . 
refill the replacement fluid bag 1742 to perform a cyclic 
balancing similar to that described with reference to 
Figure 29. That is, after a certain interval measured by 
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elapsed time, cumulative flow of replacement waste fluid 
indicated by the integrated signal of one pr more flow 
sensors, rotations of . the rotor of a replacement fluid or 
waste fluid pump. etc. the waste fluid bag 1741 may be 
emptied by actuation of the control valves 1721 and 1723 
and the replacement fluid bag 1742 re-filled by actuation 
Of the control valves 1722 and 1724. During such a reset 
operation, the treatment may be halted to stop the flow of • 
waste fluid from a filter or dialyzer. Alternatively, a 
buffer vessel may be provided and used to allow the system 
pf Figure 34 tP areset itself while waste fluid continues to 
collect in the buffer vessel. Onpe reset, the waste fluid 
bag" 1741 would fill with the contents of the buffer vessel . 

Nbte that although many of the above embodiments are 
described in terms of identical rates of replacement fluid 
addition and waste fluid removal, it is repognized that 
during most treatments a certain net addition or removal of 
waste fluid, may be required (ultraf il.trate) , Thus, it is 
contexiplated in, all pf the contexts described that a net. 
fluid addition or removal may be accomplished by various 
means, such as adding a certain amount of fluid at a point 
during treatment and Otherwise maintaining equal rates of 
fluid removal and addition. Alteirnatively, the rates may 
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biased to f^vor replacement fluid addition or fluid 
removal according to the indicated requirements for a 
treatment. For example, referring' to Figure 1, level 
sensor" may indicate by magnitude of. a. signal levei the ^ 
height of the top of the container - 160 . This signal level 
™ay be biased to allow .a desired amount of pver-filling. or 
under-filling to occur-, which' may result in a net • . 
' extraction of fluid. Ih the embodiment of Fd-gure 7. tbe 
level of the tube 652 may be altered to .favor net 
extraption or net addition of fluid. Th^ pressure signal • 
of a pressure-baped control mecl^nism, for epcample th^t of 
.Figure 3, may be biased also to provide for.riet addition or. . . 
extraction of fluid; -. Various mechanisms may be provided to 

• allow, for net addition or extraction as required and in. no 
instance is - it suggested- that net extraction or addition is 

• required to be ^ero,' even though the emb6<aiments above may" - 
■ ' be discussed in the context of zero net fluid. 

addition/extraction by way of example .- 

one of ordinary skill in the art will recognize from 

• the disclosure herein a number of permutations and " • 
alterations to the exemplary embodiments- • Therefore, the 
invention is not limited by the parti gular eiobodiments ' 
disclosed- 
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